Abstract. Energy saving has become one of the foremost priorities in the European Union and a great deal of attention is directed towards the sector of sustainable building. However, the EU members that have an extensive Soviet heritage now face a great difficulty in reducing energy consumption. Since many apartment buildings are in especially poor thermal condition, and the heat supply infrastructure is morally and physically outdated, energy consumption for heating is significant. The modernization (renovation) of such old buildings is impeded not only by legal and technical factors, but also financial and social aspects in regard to the residents. Thus, this paper provides new model of investments and modernization of apartment buildings on the basis of the calculation of energy input per one degree-day of the heated floor area. The presented degree-days calculation method enables the calculation and inter-comparison of data gathered in all European Union member states without taking into account specific climate parameters of each.
Introduction
According to the EU Commission (2000) , the dependency on energy supply from countries which are not the members of the European Community and the increase of greenhouse gas emissions stimulate all the EU countries to provide a united energy policy. One of the most important sectors of this policy is the construction and exploitation of buildings as this sector has a high saving potential of primary energy consumption. Following the decisions of the EP and EC (Directive 2010 /31/ES 2010 , energy consumption in new buildings should be significantly decreased as well as the efforts directed to the implementation of zero-energy buildings in 2020. However, energy consumption is still very high in the existing buildings built before 1995 and its decrease is a great challenge for the residents and governments of the EU member-countries (Risholt et al. 2013; Baek, Park 2012) .
Lithuania is one of the EU member-countries which has a lot of Soviet heritage ( Fig. 1) , particularly in the building sector, which is characterized by low requirements for thermal insulation of building enclosures, as the energy prices were low at the time and large amounts of prefabricated construction volumes were used (Brauers et al. 2012; Juodis et al. 2009 ). The mean lifetime of such apartment buildings reaches up to one hundred years, so the buildings of the Soviet period still have some lifetime (STR 1.12.06:2002; Malmqvist et al. 2011) . Thus, in Lithuania the efficiency of energy supply for residential needs is 1.8 times worse in comparison to other EU countries because of poor thermal insulation of building envelopes and old infrastructure of energy supply (Featuring Country Reports 2011) . The modernization of buildings, especially of apartment buildings, is very especially relevant in the discussed circumstances as the living conditions will be improved in parallel to pursuing tasks and requirements established by the EU Directives 2010/31/ES (Andaloro et al. 2010; Morelli et al. 2012; Czakó 2012; Chow et al. 2013) .
Fig. 1. Square of apartment buildings which was built before
In regard to set aims, Lithuania involved the modernization of apartment buildings into its strategic plans of sustainable development (Government of Republic of Lithuania 2011). Therefore, the programme of dwelling houses modernization (renovation) was prepared and initiated by the Government of Republic of Lithuania (2004) . The general purposes of the program are the following:
− 70% of apartment buildings (24 000 units) constructed till 1993 will be modernized (renovated) using the assets of households, municipalities, state and EU structural funds; − Energy consumption for heating of 1 m 2 floor area of the modernization (renovated) apartment buildings will be decreased at least by 30% in comparison to the energy consumption before the modernization (renovated). In practice only 481 buildings were renovated during the period of 2005 -2012 (Statistics Lithuania 2012 . At present, the Lithuanian government is improving the legal means of the modernization aiming at the quicker reduction of energy consumption and the growth of renewable energy sources use in the dwelling sector. Nevertheless, the prepared course of projects for the apartment buildings modernization and promotion has significant inaccuracies because of substantial discrepancies between the calculated and real values of energy consumption for heating, reliability in determining the economic efficiency of energy saving measures, risk increase in the activities for end-users (Biekša et al. 2011; Groh 2014) .
The development of building modernization in Lithuania is impeded not only by legal and technical aspects of the apartment buildings as the financial possibilities of residents and social aspects of their behaviour also take place (He et al. 2014; Dylewski, Adamczyk 2012; Štreimikienė, Barakauskaitė-Jakubauskienė 2012; Alberini et al. 2013; Anastaselos et al. 2009 ). Contrary to the common European practice, in Lithuania all the apartments have been privatized and every owner became a co-owner of the whole building. With regard to the number of apartments in a building, there could be a number of co-owners with their own opinion, motivations and financial possibilities for modernization. Then this causes a serious problem when a collective decision on the building modernization is required because the approval of the majority of co-owners is necessary according to Lithuanian law in force (Government of Republic of Lithuania 2004).
As a rule, the income of residents living in old apartment buildings is almost equal to the expenses for heating, and in some cases the amount paid for heating exceeds the rent. Then the state is obliged to cover the heating costs of socially supported residents with low income level. Another big part of residents living in old apartment buildings, i.e. families with medium income level, are not under the state support. Usually the cost of heating requires 30-40% of family income. Such high heating costs ought to be a strong motive for building modernization, but they are not because residents are deterred by the necessity to urgently acquire a loan, secure it and pay the interest, as well as arrange the modernization project, get it approved, etc. For residents this process seems to be too complicated, untrustworthy and unprofitable in the financial point of view. So the arranged model of modernization promotion was not as successful as planed and went into coordination failure due to the inability of the society to focus on the significant macro-economic projects and financial possibilities without any external support (Dylewski, Adamczyk 2011; Domdayci et al. 2006; Medineckienė, Bjork 2011; Gualberti et al. 2014) .
A new more flexible model of modernization for the existing apartment buildings, based on social and economic aspects to promote and stimulate the modernization process, is required in Lithuania. The preparation of a reasonable solution with the involvement of the state, residents and possible investors into the raised issue is the main task of the paper. In parallel, a modified calculation model is prepared for a more reliable determination and comparison of energy consumption values for building heating.
1. Project description and study data
Methodology
The modernization process of the apartment buildings in Lithuania is slow because of the lack of investment, as it was indicated in the previous chapter. Residents cannot afford to take loans from the banks and also a big part of them is under social state care. However, the reluctance of residents to have obligations to the banks is the most important reason of the failure in the development of the apartment building modernization. In this case, any advertising and publicity actions have not enough efficiency, thus, the implementation of another possible model of apartment building modernization is desirable. This model is based on the investments of a special municipal or independent enterprise (for e.g. department of city municipality, agency, construction enterprise, etc.) which invests into the apartment building modernization. Then the three parties participate in the modernization process. The possible obligations and input into the process are presented in Table 1 .
The renovation is provided by an investor, while the apartment owners pay for heating to the investor on the former energy consumption level (before renovation) till the investment is fully covered. In order to motivate the residents to approve the modernization, the payment for energy and investment pay-back after the implementation of the modernization project should be lowered by 10-15% (assessed as modernization promotion factor in this paper) than it would be paid for heating before the renovation. To make such a payment model effective, the payments for energy by the residents have to be modified in such a way that the financial flows among the residents and the investor are generated in regard to the saved amount of energy. Thus, Figure 2 presents the suggested payment scheme. 
Fig. 2. Principal scheme for refunding of investments after the apartment building modernization
The given payment scheme operates as follows: the investor settles the payment to the energy supplier according to readings of the induction heat meter, whereas the residents pay for heating to the investor according to the calculated heat consumption estimated prior to the modernization. The residents also have another possibility: to pay two bills, one to the energy supplier for the heating supplied after the modernization and the other to the investor for the difference between the heating expenses prior to and after the modernization.
Estimation of climate data
The heating costs directly depend on the energy consumption for building heating, and in turn the energy consumption is related to the indoor and outdoor temperature difference, duration of heating season and thermal characteristics of the building (STR 2.09.04:2008) . Therefore, it is necessary to evaluate the trends of outdoor temperature fluctuation as one of significant components in the developed investment model.
The registered day temperatures during the heating seasons of the period 1996-2010 were analysed and their mean values for each heating season were determined. The values of the degree-days for every heating season were obtained as well. Figure 3 presents the distribution of the mean outdoor air temperature and the values of the degree-days during the heating seasons of the considered period with linear trends.
The outdoor air temperature fluctuation of a heating season is evident as it varies from -1.8 to +2.5 ºC with the mean value of 0.3 ºC according Building Climatology RSN 156-94 of Lithuania (1995) . The fluctuation of degree-days value is more modest, and the mean value of standard deviation is about 8%, while the mean value of the degree-days is 3789 (heating season starts at 26.09 and finishes at 03.05; total duration 219 days; indoor air temperature 18 °C and limit of a heating season is 10 °C of a mean three days outdoor air temperature) for the city of Kaunas, Lithuania.
The results of outdoor air temperature and degreedays fluctuation analysis will lead to the conclusion to recommend application of the degree-days values for the evaluation of energy consumption in apartment buildings. As the reliability of energy consumption evaluation in buildings is very important to the assessment of economic efficiency of modernization (renovation), the use of degree-days as the basement climate data for recalculation of energy consumption is preferable.
The investment model of apartment building modernization
If apartment owners achieved an agreement on the modernization, and negotiation with a possible investor is in progress at the beginning of the modernization process, the reference value of energy consumption for building heating (specific mean energy demand for building heating) should be determined as the mean value of the registered energy consumption of minimum three last heating seasons, Wh/(K·days) for 1 m 2 of heated floor area. The energy consumption in the building after modernization is estimated as the registered energy consumption for building heating in regard to the degree-days of the considered period, Wh/(K·days) for 1 m 2 of heated floor area. The ratio between the determined values will be recognized as a transferring factor at the recalculation of energy consumption value for building heating. An apartment owner should pay for recalculated energy amount according to the conditions before the modernization. This value is determined multiplying the registered energy amount by transferring factor. Such payment order will be kept until the investments will be fully covered. Thus, Figure 4 gives the implementation scheme of the suggested method.
The order of determining the calculated energy consumption values for building heating before and after the modernization is presented below in detail.
1.3.1. Specific average energy demand for building heating before the modernization First, the data on the registered energy consumption for every month heating during the last three heating seasons are collected, including the mean outdoor air temperature (Qmon., θe). If heating is provided only during a part of the considered month, only this part is estimated. Usually the energy supplier can provide the required data.
Then the value of the degree-days DLy for every heating season is determined according to the mean outdoor air temperature in the considered locality:
where: DLy -value of degree-days during the considered heating season, K·days; θe -mean month outdoor air temperature during the considered heating season, o C; θi -mean month indoor air temperature during the considered heating season, o C; tmon. -duration of a separate month in the considered heating season, days.
The average value of the degree-days of three heating seasons in the considered apartment building DLav, (K·days) is determined as follows:
where: DLav -average three year degree-days value of the considered apartment building, K·days; DLyi -degreedays value during i-year's heating season, K·days; nduration of the considered heating season.
The average energy consumption for heating Qy, (MWh per season) is estimated according to Eqns (3) and (4):
where: Qy -energy consumption for heating of building of a separate heating season, MWh per season; Qmon.ienergy consumption for heating of building during imonth, MWh per month; n -duration of the considered heating season, months. The average specific energy consumption for heating of building for 1 degree-day qav, (kWh/(m 2 ·K·day) is determined according to Eqn (5):
where: Qav -average energy demand for heating of building of a separate heating season, MWh per season; qavaverage specific energy demand for heating of building related to 1 m 2 of heated floor area and 1 degree-day, kWh/(m 2 ·K·day); A -heated floor area of the considered building, m 2 ; DLav -average three year degree-days value of certain locality, K·days.
Eqn (5) is applied for the calculation of the specific energy demand of the building prior to the modernization.
Specific average energy demand for heating of building after the modernization
To begin, the energy consumption data for heating every month Qmon. (MWh per month) , including the mean outdoor air temperature θe and settled mean indoor air temperature θin is registered.
Hence, the value of the degree-days DLf.mon. is determined for a month of a heating season, (K·day):
where: DLf.mon. -determined degree-days for a month of a heating season, K·day; θe -mean month's outdoor air temperature during the considered heating season, o C; θi -mean month's indoor air temperature during the considered heating season, °C; tmon. -duration of a separate month in the considered heating season, days.
Monthly energy consumption for heating of building during the heating season is recalculated according to the conditions before the modernization, (MWh per month):
where: Qf.mon. -recalculated monthly energy consumption for heating of building during the heating season, MWh per month; qav -average specific energy demand for heating of building related to 1 m 2 of heated floor area and 1 degree-day kWh/(m 2 ·K·day); A -heated floor area of the considered apartment building, m 2 ; DLav -average three year value of degree-days of the considered apartment building, K·days; DLf.mon. -determined degree-days for a month of a heating season, K·day.
Monthly payment for the heating of the entire building (LTL/month) is determined as follows (from 2 February 2002, the Litas (LTL) has been pegged to the euro at a fixed exchange rate of LTL 3.4528 for EUR 1):
where: Smon. -monthly payment for the heating, (LTL/month); k -modernization promotion factor, assessed according to the agreement between the apartment owners and investor (recommended value 0.85-0.9); Qf.mon. -recalculated monthly energy consumption for heating of building during the heating season, MWh per month; E -energy price for heating, LTL/kWh.
The monthly payment for the supplied energy to the energy supplier by investor is determined according to Eqn (9):
. .
where: Sinvest.mon. -monthly payment for the supplied heating energy to the energy supplier by investor, LTL/month; Qmon. -energy consumption for heating of building of the considered month, MWh per month; Eenergy price for heating, LTL/kWh. The pay-back of investments of the considered month is the difference between the payments, LTL/month:
where: ∆Smon. -pay-back of investments of the considered month is the difference between the payments, LTL/month; Sinvest.mon. -monthly payment for the supplied heating energy to the energy supplier by investor, LTL/month; Smon. -monthly payment for the heating, (LTL/month). Then the expenses of the heating season (distributed as monthly fees) are estimated and paid by the apartment owners, LTL/year:
where:
-payment for i-month heating, (LTL/month); Sy -expenses of the heating season, LTL/year; n -duration of the considered heating season, months.
Then the expenses of the heating season (distributed as monthly fees) are estimated and paid by the investor to the heat supplier, LTL/year:
S -investor's payment for the supplied heating energy during i-month to the energy supplier, LTL/month; n -duration of the considered heating season, months. The pay-back of the investments of the heating season, LTL/heating season, is calculated as follows:
. i mon S ∆ -i-month's pay-back of investments (the difference between the payments for investor and energy supplier), LTL/month; n -duration of the considered heating season, months. Finally, the reminder of the investments is determined for the whole heating season, LTL:
where: I -reminder of the investments for the whole heating season, LTL; r -interest rate of the investments;
Io -primary investments, LTL; ∆Sy -investments payback per heating season, LTL/heating season. All the payments are provided according to this order till all the investments are covered.
Case study
The analysis of the investments and pay-back flows is provided for the existing modernized building, built in 1974 and containing 100 apartments with the total heated floor area of 4418 m − glazing of balconies; − thermal insulation of basement walls and installation of rain's sloped apron around the basement walls. The ventilation system is left as it is, i.e. natural exhausting from kitchens, toilets and bathrooms and natural air supply -through window micro-ventilation systems.
The thermal parameters of building envelope before and after the modernization are compared in Table 2 . The primary total sum of the investments was estimated to reach 1.75 mln. LTL (506 835 EUR) and the planned energy savings amounted to approximately 40%. The actual total sum of the investments was equal to 1.701 350 LTL (492 745 EUR), according to the data of Housing Energy Saving Agency under the Lithuanian Ministry of Environment. The share of state support was estimated as 788 877 LTL (228 474 EUR), it is 46%, and the investments to be returned were 912 474 LTL (264 271 EUR) for this 5-storey apartment building.
The initial data of 2005-2008, necessary to apply to the suggested investment model, were obtained from the heat energy supplier (Table 3 ). The standard mean value of 3789 degree days for the heating season is indicated in the Building Climatology of Lithuania (RSN 156-94 1995) . The future rise of heat energy price is assumed to reach 3% in regard to the recommendations of the European Community. Further, Table 4 shows a possible layout of payments due to the building modernization according to the suggested method for an apartment of average floor area of 60 m 2 . The investments return should amount to 12 390 LTL (3 588 EUR) with 3% of reduced interest rate. This payment seems to be a heavy burden to the most of residents who receive only small and medium income. The research is analysing the Lithuanian building sector and those of other post-Soviet countries points out the interest of residents in little investments with a short pay-back period (Medineckienė, Bjork 2011; Dylewski, Adamczyk 2011; Domdayci et al. 2006) . Therefore, the suggested support programme for building modernization is not tempting for apartment owners.
The payment would be fully paid back in 14 th year at the assumed energy saving rate of 40%. In this calculation the degree-days of real heating seasons are used as an example. The modernization promotion factor's value 0.9 is applied for the determination of the payment for energy consumption.
Results and discussion
The estimation of energy consumption efficiency with the application of degree-days is meaningful in all Europe. In different countries, the energy consumption is unequal as it depends on the outdoor climate characteristics and thermal insulation of buildings. During the cold period, energy demand for heating makes up the greater part of the whole energy consumption in the Nordic countries, whereas in the Southern countries the energy is consumed mostly for air cooling and air conditioning (Korolija et al. 2013; Wang et al. 2013; Chua et al. 2013; Budaiwi et al. 2013; Synnefa, Santamouris 2012; Cho et al. 2012; Uihlein, Eder 2010) . While planning building renovation, ventilation and air cooling should also be included into the evaluation of results. The results of the analysis of energy consumption for heating of the considered apartment building before and after building modernization are presented in Figures 5 and 6. Before the modernization, significantly oversized energy consumption is observed during spring time. Thus, the efficiency of heating system regulation is not sufficient. In contract, after the modernization in 2009, the energy consumption for heating decreased and the alteration of it is similar to the changes of outdoor air according given in Figure 6 . Fig. 6 . Energy consumption in apartment building after modernization and outdoor climate data Furthermore, Table 5 demonstrates actual energy consumption for heating the apartment building after the modernization and the return of investments according to the suggested method. Energy savings reach nearly 50%, at standard deviation of 28%. The results show some lack in the regulation of the heating system, so the energy savings could be increased a little. In comparison to the numeral values in Table 4 , the real pay-back period of the investments should be shorter, if energy prices stayed at the present level, or rose.
The order of recalculating energy consumption should include the evaluation of internal heat gains. They usually take up to 10% in the energy balance of the apartment building of old condition. If the building envelope conforms to the present requirements of Thermal Techniques of Building Enclosures (STR 2.05.01:2005) after the modernization, the internal heat gains will have a more significant impact on the estimation of the degreedays and energy consumption efficiency (Juodis 2013) .
After the return of the investments, residents will pay only for the consumed energy to the supplier. It is important that the payments to the investor are provided with respect to the change of energy prices and variation of climate conditions.
The implementation of the suggested investment model would enlarge the modernization possibilities of apartment buildings since the process is rather slow at present. This would result in the reduction of heating input of apartment buildings up to 40-50%. Apart from the reduced bills for heating, apartment owners would obtain a shorter heating season, i.e. approximately 5 months instead of 6.
In such a case, the state should coordinate the activity on the residents' behalf by solving the financial issues related to the implementation of the modernization programme so that the process of reducing energy input in old apartment buildings does not slow down. If energy prices start rising and its consumption does not decrease, the residents with low income will face serious difficulties in paying the bills, which will lead to the increasing debt to the energy suppliers and thus, negative social consequences (Government of Republic of Lithuania 2011; Štreimikienė, Barakauskaitė-Jakubauskienė 2012). 
Conclusions
The new model of investments and modernization of apartment buildings would provide the payments for apartment owners for heating and pay-back of investments according to the 10-15% less of recent energy consumption level till the end of the pay-back period (12-15 years), and in turn, the payment would be divided into a real payment to the heating energy supplier and return of investments. The state would partly refund a successful implementation of the modernization projects. The implementation of the new investment and modernization model would improve the modernization possibilities of apartment buildings since the process is rather slow at present. This would result in the reduction of heating energy consumption of apartment buildings up to 40-50%. Apart from the reduced bills for heating, apartment owners would obtain a shorter heating season, i.e. approximately 5 months instead of 6.
Moreover, the modernization of heating systems and their regulation ought to be immediately included into the modernization projects.
Special institutions at municipalities should be established with the purpose to be involved into the implementation of the modernization projects, as local authorities would gain the greatest part of the modernization benefits.
As the reliability of energy consumption evaluation in buildings is very important to the assessment of economic efficiency of modernization (renovation), the use of degree-days as the basement climate data for recalculation of energy consumption is preferable. The presented degree-days calculation method enables the calculation and inter-comparison of data gathered in all European Union member states without taking into account specific climate parameters of each.
